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he results are given of an investigation of come of the
limitmDLOﬂS that now provent increases in the tewperature

level of engive cylinder heads, ant a review of previous vrork

in the field is inciwled to & zuant those rasulis, Atton-—
tion waAg piven, 1n psrud 1o the ellacts of fuel knock

and surface ignition slindor temporatures and the effacts

of cylln ler temperatures or DRTTGTTIANCS » Data were obtained
from a "Tirht C950 sir-cooled cylinder and Trom a Lycoring 0-12790
Liguid-cooled cylinder,

The analysis sigszests that the relationship botween the
curve of iprition Len)f‘x atare of a fael-air mixturs plotled
arainst dansity and tho cnrve of hot-spot towperaturs abt the
time of ignition plotted against density may inviteats whother
dangerous preignilion characierictics evist. The concluginn
wags reachad that the moneral teaperature level of the cylinder
hear may possibly be raiced, aven thougn surflsce ignition is
nresent, proviaed that the fuels used have safe | preigaition
characteristics. Tha data show that for short durations mod-
erate andible knscking probably has little erfect in croating
hot spots or in causing surface ignition.

Compreatensive invosyigaiions have been made o improve the
cooling of engine ¢ lWxﬂﬁL in order to pormait increases in
engine powor Jithont QRCMe L e Lma td”;lgbﬂj temper-
ature limits. Of egaal Lv)mlt(rcc 1s the fact that certain
evlindsr arsas should not be unnecersnrily cooled becauase the
cost of enoling in high-soeel airceralt may be congiderasle.
The practics of conllnL 1igh-tenperatare rogions by over-
cooling adiacent arcas obviously involves a waste of pouer.
Only by oneration with all cooling surfaces rialsed to tne
maximme practical temperatures cun mayvismm cooling aflfectiva-
ness b oachicved,




‘he advanteges of raising the everage cylinder tempera-
tures Ti chiefly in the lowering of tne power required for
cylinder cooling and & nossihle lowering ol eugine friction
with inecreaszed cylinder temperatures. The lowerecd cooling
requiremsnts roflact on the weight and drae of radiators and
air scoops in the case of liquid-ecooled engines and on the
fin weicht, cocling-air pressuvre drep, cnd cowliag drag in
the case of air-cocled engines., Reference 1 has shown tinet
For a constant cylinder temuerature the heat losgs from an
engine cylinder is approxmmﬁtely proportional to the
JOlp power of the indicitsd horsepower.  With hizher cylinder
teaperaturens the amount of heat to be dissipated is reduced
because ihe cifference hotwean the ges temporsture and the
crlinder temmerature is reduced,  Also, because the fin tem-
noeraturas are hishsr with hipher (y-l_gﬂer temperatures, less
cooline eir is recuired for a eiven heat uLgGlpdthﬂ.

L ostody was nade of cylinder tmmm‘c trres ard of the
effect of cylinder tewnerativres on er operation for the
porpase of finding the physical Tim: iﬂfLons that now mrevent
raising the goreral temnerature levol of the low-tempsrature

arens of the evlinder heaod,

cxiots as to what io the chief
drnger of hipgh cvlinder tomg ras, Tinal cylinder failure
obvicusly results from hiph tempsratures, high pressvres, or
hoth, The initiel conaes of failure in question are fuel
Ynosk, proipaition, and the failure of seoalinsg devices
failura of sraling devices rafers particulerly e stlcking
pisten rings and other pavrts sush as velves that mav overheat
whoen laskage of cag ocours, There geems 1o be some question
as to the cyaie of cvenils l=ading to cylindzr failure following
at ri“ in cylindor tenperaturces. The particuler cycle of
sventa ohv*ouulv dovends upon the conditicns of operation, the
initir?  tompe 1riwrﬂ of the voirious parts, the design foatures,

: Fuul. Several rossible sequincas of ovents following
e rmign in cylind.or Lempeor turss that mey lcad to cylin der
failur . are the followlirg;
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A wlde variety of op:
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el kvocl - ->destructive pressures or tusperaturas, or both

Puel kneck —>2high lemporaturcs —=oreignition —sdestruc-
Live tnmpuJoxmrfs

Faol ¥nock —afutilure of gas svals (stuck piston rings)
degstructive plston tempcratures

o

of gas (stuck plston rings)
riston 't,x;mp-;::“"t*lr g =-—3>proirmition
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Praionition - >deslructive temperatures

Proipmition -- ->high tanpsratures --> fusl knock - >destrac—
tive temperatures and pressures

Proipgnition - >high tempsraturas -.> failure of gis seals
(stuck niston rings or leakin erhaust

vulvas) - >destructive teaperatures

Foilure of gas scals (stuck piston rings or leaking exhaust
valves) - zhigh niston or vaive temper-
aturcs -—->fuel knocl - > destructive
tomeratures and prassures

ailure of gas aeals (auu 2k wicbon rivgs or leaking exhaust
valves) >high piston or valve lemper-

tlr‘f - >preignition > destructive

temperaturaes

Failare of gas stals (stuck nisten rvings or leaking exhaust

valvas) - >high pisten or valve temper—
aturzs -->furl knock - >hipgh temperatures
—3 praigmition - > destractive temperatures

Ho atteunpt is hﬂr“in made to furmish a complete answer to
he questions arising froa analyses of c¢ylinder failure, but
zaenbad that nay sarve to clarily some

additional data are pl"
of the doub:iful points, Proieonitinng is analyzsd as a phonom-—
enon indepordant of knook, and some of the factors that control

preigndtion ars oresentod, Fuel knock is discussed in its
relation o engine Lemnoraitaras,. The ralation between ongine

temporaturss, proige
tu show some of the physical factors that limit the raising of
ongine temperatirns.

Duta from tosts of bolh a ligquid-conled anid an air-cooled
engine cylindor are progenteod, The work was carried out av
the Langley Momorial Aeronavitical L.t)rauorj of the Nalional
Advisory Committee feor Asronaunti

APPARATUS AND “ETHODS

The Lycoming 0-1230 single-cylinder test sctup used in
these tests has boc‘ fally deseribed in relezrence 2. Tempoar-=
ature measursments wore mads with thermocounles installed in
the cylinder as shown in figure 1.  Thesoe lhermocouplos wore
inotalled within 1/3 inch of the conbustion-chanbor surface
and wore poened in place.

binn, and engine opsration is thon discussed



3andix 410 spark plugs of the bottom-seating itype were
wsed durine these tests. A thermocouple was installad in the
ip of the cenier eclectrode by drilling a small hole axially
throngh the electrede,  This spark plug wes instzailed in the
hola necrest the exhaunst valve,

IR

L
L

fd3ditionsl piston cooling and cylindar Tubricstion wern
supplied by oil sprays from two holcs, 0.0l0 inch in diametler,
drilled in the pisten end of the rifle-drilled connecting rod.
Thesr holrs wore arranped to direct an oil soray on the lower
gide of the piston crowrn.

Tha cngine was cooled with ethylere clveol at a fempera-
F 280° P oexcent w.ere otherwise specificd. the anount
of coclint circulated was maintained constznt at 8} pouvndas per

- The setup of the Wright 0930 crlinder used in somo of
these tests was similar ¢ sotup of the Lyveoming 0-1230

s were used in this cylinder,
Wdar heed, for measuring the
comhustion-chamboy : AL “hr*.f* were inst2lled within
1/6 inch of tie inside of tha c:mbuat;on~ckemher wall.

Figure 2 shows the arrroximats locwtions of these thermezounle

cylinder,  1G LSLE!

PHRETGRTTION
Wifecta of Preigniticn

The oacurrence of ipnitien hefore the sperk, as may be
cens s d by I;ﬂlfipx from & hot gnot in the cvlinder, mav lead
to ar extrrmely eurly tows of lgnition with cortein turls and
couss hish prosstwres and Jdestructive werature conditions.
™is ffoct is shown by the resulis reported by Spencsr in
reference 3, in whiich the duration in the cyale of peal oros-
sures and temooraiurss was prolonsed seveoral times the normal
valus after th. onsot of hravy proignitien,  Fipure 3 ghows
the effect of iition, OJ\uthd by advencing the sperk,
on the cylind. s of a Wrirht 0950 eair-cooled coyl-
indar. This Anaﬂ for opwration without knock,
Tns sperk was the running becane very rouch,
The dete 1101c(f ate of temperatura risc of the

cylinder i inercascs with cdvance englis.
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L casos of savers sniticn, the rote of heat applica-
the combustion- Luanr walls oy reach soveral times
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tho nermal rats of heat application. As conventional aircraft-
rgin.g nistens arc mors or loss indirnctly cool.d and, further-
wors, as the heat capacity is small, failurs of the pistons
nsually occurs soon after tho onset of w21l advanc.d preignition
and neuslly before cylinder-hcad failure.

Fisure % indicatzs also some of tha offucts on angine ten-
pﬂrmfurws o clanging thi comprossion ratio. slthoush most
of the head tomprraturis LMVJ,akgd as the spark was advancad,
the barrcl tempecatares first doer au¢u, r;lbn'd a minimuam,
and then increascd.  As tho spark is advanced Trom som2 low
valuz to the optimum value, the offwct i th~ game as the
1ct of ircriasing the awpansion ratio or, normally, the

conyry Lon rmti;. In this caso, as the spark was advanczd
from LU to 20° B,T.C., which was the optimum spark adwvance,
the cycle officioney incraascd. This incr.as. rosultad in
higher poak tormosraturas bub in lowrr aversg:s Jas tomporaturdas.
Tn this rangs of sypark advanca, the puwk tomporatures wers
more eff=zctive in countroliing mos the cylindeor-head temper-—
atur:s nd, as a rosult, thoese ¢ }“nﬂ\r—H 4 tomporatur:s
incr: az+d. On the obther hard, the barrsl tomporatirss Wore
more influcncad by the averags gas tommeraturs during bthe
expansion stroke and therefore docroassd. The caxhaust-valvo-—
gaide temporaturs was infiusncesd mainly by the cxhaust-valve
temporaturs, which in turn was influcnesd mainly by the
agxpandef-gas tomperatuar:. The syhaust—valve-guide tumperature
ther.Core behaved more like the Llower barrcl tomporatures.
As thw spark was advanced h'yow 1h¢ ontimum position frem
20° to 230 R.T>0., all cnging temparaturzs iner:assd becauso
combustion was taking place too carly in the cyclo. Thaere
wag therofors no further increase in the offoctive expansion,
and the sun of the hoat losses during the combustion proc.ss
ansl cxpansion stroks bocame succassivaly -grantor. The con~
clusion dravm fron khesﬁ data is that an. inereasc in the
comprrssion rutio of the crgine may Iner asc all the cylindor-
Yead Lomporaturss oxespt thoso - inflaenced mainly by the exhaust-
pas tempernture snd will deersase the barral Loaprratar.is.

ot

I'reicndtion and fnock

Troignition is somotimes accompaniud by fucl knock and i3
oftuen the forcruwwmcr of fu:l kmock. 4s will e shown later,
howaver, thor. is considorable evidincs to show that the ocour-
roncs of moderate audivle fucl knmock for short durations may
have only a slighl ¢ffwct in causing sarface ignition. in
this rospoct, it has buun peinted out in refuriness L ani




that preignition and fuel knock ars separate phenomena and
ghould be treated as sueh, Apparantly, much misinformatien
oexlats as to the relative effects of fuel knock and preigni-
tion on pision and cylinder failures,

In a great number of cases of engine failure, the primary
causge of failure has undoudtedly been erroneously attrivuted
to fuel knock rather than to preisaition, This conclusion
hag, in a number of cases, followsd frecm the fact that the addi-
tion of tmtraethyl lead (THL) to the fuel prevented a recurrence
of the difficulty, This conclualon 1s Justified, provided
that the nse of tetrasthyl lead affects only the knocking prop-
erties of the fuel, In refsrence 5, Heron states as fellows:
"Some evidence obtained in multicylinder alrcraft engines
suggests that tetiraethyl lead has an effect in suppressing over-
heating nf the cylinder upit that is out of proportinmn with
its properties of suppressing andidble knock and controlling the
rate »f presgure rise. Tetraethyl lead In quite small concen~
trations has a remarkable effect in suppressing prelgnition and
autoignition, This possitly suggests, in view of the prenounced
effects of lead in allowlng increass of output in ongines of
high cylinder-wall temperature, that the tendency to prelgnition
is one of the major causeg limiting the usefulness of a fusl
In such engilnes.,”

This effect of lead as describved by Heron is further sub-
otantiated by the data of reference 7, In which it is shown
that lead increased the radiant ensrgy of combustinn, The
results reported in reference 8 showed that increasing the
octane number of a fuel by adding tetrasthyl lead or by adding
benzol also incroased the preignition limit, Additionzl data
on the effect of lead on cylinder temperatures are suown in
flgure 4, These data were obtained under closely controlled
conditlions for the purpose of showing the effect of lead on
temperatures, It will be noted that, although the temperatures
obtained with the leaded fuel are generally lower, the effect
1s relatively amall, The addition of lsad had little effect
on the temperature of the spark-plug electrode and the average
barrel temperature,

A consideration of the theory, which states that the
occurrence of knock depends upon the density and tempsrature
of the last portion of the charge to burn, Indicates that
preignition which causes the end gas to burn nearer top center
also tends to foster fuel knock whereas preignition which
causes the end gas to burn well ahead »f top center may lessen
the possitility of fuel kmock, This theory therefore furnishes

ai
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onz explenation of why prudignition is often eccomponicd by

I'nozk and why, in other cases, in which p \1gnition may be

sevors smough to canse immedicte engins failure, fuel knock

mey not be present. A specific instance of this nature is

referrad to in rcfersnce 8. The type of fuel ckviously has
d

a marked effect on the preiguition characteristics.

sot of Fucls on Treipnition Characteristics

The. use of certain fuels is known to causs higher surface
temperatures for the same power oubput then o h~rs. This
characteristic is gererally found ir the aromatic fuels. In
this group hbenzere causes particuloriy high uﬁmnckatures.
£dditiornal data on this sbjcet are 0‘-‘ovm in fﬂyﬂ“u 9, which
comperes the surface rraturss abtalned with S-1 end benacne.
Altheurh the heat centont of beasmene is Lower than ihat of S-1,
fno cmeauLJOn t‘mn«r&thwp arc highor. (8ee reforence 9.)

: g indicator cards for 31 cnd benzene show
:ntilal diffcr@n:e in the pressurcs chtzinzd {roferoncs %)

Tun-fway “relgnition

Ingines oprratinz with cxruklp fuels sich as bonzena have
a terdoney to Wrun away' orce pro ition is encountered;
whereas with other fuels, sech s isnoctane, coperation 1s in
general quite stebls dvring Q“l“—i iting oneration. The use
of sueh fucls =g bomgeno is a8 ,3 hocouse with these fuels
preirnition may boooms SovVOTu Lo wrock the cyiinder in
such 2 short time that no apnveo;ar‘e rigs in tomperaturs or
low.riag of tho ergine onspau is novicod “y the onirator. ks
proviously noted, the reason foﬁ prnsd nistons, rings, and
cylirdor pafts cin he undorsioos from o 3‘.,Lm=r“t1rq of the
long dJuration of the npsak prcsam ;s and tomperatvres that
results when ignition ocours 1y on tho comprossion stroke.
The intrtia of thoe rotating pf“*ﬂ n- spood singlo-crlinder
cngincs and the power of ths remaining cylinders that ars
functioninr normelly in mlticylinder enginos tend to minimize
the immodiate ~fToct of vowsr drop causcd by «xtreme ignition
advancs of ono cylinder.

Factors Controlling Stabilily of Preignition

The question of whether surfece ipnition will result in
a steble ignifion advance is apoersntly dependent on the fuel
end the temperature characteristics of the surface causing



lgnition. - Tnstability of digrnition advancs with certain fusls
occurs with rising surface temperatures. Reference 10 has
shoom that, once ignition is started in a gilven locallily, the
surface of thal locality will show an immediate and marked
rize in tenmperature; that is, when a hot svot Leacomes hot
enough to cause ignition, its temperature is further increased.
Under certain conditions it is this increase in temmerature

of the hot spot that leads to a ranid advance of the preig—
nition and swidan engine failure with certain types ol Tnel.
Inasmuch as spari plugs ara alreads sources of ignition, their
initial rise in temperatwure, caasz2d by their becoming sources
of ignition, has already taken place. Purthsar increasss in
spark-plus terperaturs rast come from changzs in operating
corwvlitions, such as power incraases, or Trem an alvance in the
Lime of ignition in the c¢ycle.

,.J

The variation of ignition lag and ignition temperature
1ily delernines vhether the ignition
are dangerous.  The relationship of
the curvas shﬁw1ng zhm variation of funi-ignition terperature
(or hot-spot temperature required for ignition) with density,
for constant ivnﬁtion lag (illustrated in Tie. 6(2)), with
ragpect to the curve showinz the viriation of the temperature
of the 7ﬂLt_uF surfacs {(hot spot) with the pas der sity at
*ho time of ignition (illustratod in fig. 6(b)) possibly deter-
ines the time of occurrence of surface igniition in the cycle,
h iguition curve of positive slope with the ignition zone at
the lower rather than the higher temneratlurses is justified by
data presented in 2 subsequent Tisura, The hol-spot tempera-
ture curves aras drowm with AifTersnt slopes 1o ghow a series
cf rossibilities without discussing the reasons for the parti-
culzr slopes.

Tnasmuch as these curvas (fiss. €(a) and (b)) may be
nlottad to the same qula they may be superimposed as shown
in figure 6{c). For the Tirst exampie, slopa a 1is nosi—

tive and slope b is nagative, Sunnose 1Hm cylinder is
cparating with a hot-spot temperature at 1.  This hot-spot

termerature cases ignitien at thae density renvesented by
Ig:dtion at this point causcs the hot-snot temmarature to
rise Lo 3, which causns ignitinon at . The hot-snot tem—
perature then drons to § and cansns ignition at 6. This
cycle repeats, and a condition of eguilibrium is reached ab
the point of intersection of the tvq curves. This point
reprascnts a density corresponding to an ignition bLeforc the
normal spark ignitien. The degras to which this preignition
has advance:d depends upon the conditions of operatinn and the
fuel, In seme cases it may stabilize a very short distance




ahnad of the spark and cause no bad effects, while in other
cagses 1t may not stabilize until it has advanced a great
digtance ahead of the normal spark, causing damage to the
engine.

For the purpose of this analysis, it must be assumed
that the hot-spot-temperature curve represents the temper-
ature after the hot spot has becomz a sourcse of ignition;
that is, after its initial rise in temperature due to its
becoming a source of ignition has taken place. This con-
sideration, of course, applies orly to hot snots other
than the svark plugs.

In actual erngine operation the path of the hot-spot .
tewperaturs would not be shomm in figure 6(c) because the
temperature chiange from cyele to cycle would be very small,
Instead, the ignition wouldd progress wp the ignition curve
in very small steps until the intersection was reached, as
shovm in figure 6(d). A mathematical treatmont of these
phenomena made by Dr. David T. Williams of the thernmodynanics
division appears in tha appendix. Figure 6(c¢) illustrates
the point to better advaniage and reprasents the final con-
dition of stability, in which the steps shown are infini-
tesimally small., In figures 6(¢) to 6(i) this method of
illustration will Le used.

Figura 6(e) shows a case in which slope 2 is negative
and slope b is positive, As the hot-spot temperature is
increased from L to 2, the poianl of igrnition is moved to 3.
This movemenl causes a hot-spoet temparature at L, which
causes ignition at &, and so on. A condition of equilibrium
is reached at the peint of intersection of the two curves.
Here again, the degree of praigrition encouwuterced before
equilitrium is attained depands on the conditions of operation
and the fuel. '

If slopes a and b are both nepative, and if slope b
is graater than a, an unstable condition exists. In
figure 6(f), a rise in temperature of the hot spot from 1 to
2 causes ipgnition to occwr at 3. This eariier igrition
causes the hot-spot temperature to rise to li, which causes
more advancad ignition in the diraction of S. In this way,
the ignition occurs earlier and earlicr in sach succasive
cycle ard run~away preignition takes place, causing prouvable
damage to the engine. If preignition starts Ly a rice in
hot-s50t tamperature from 1! to 2', howevir, the point of
ignition is 'mstable in the other direchbion; that is, the
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preignition retards toward top center until it no longer
exisis, The direction in which preignition progrescss,
then, depends on which side of the point of intersection
it is started.

Fizure 6(g) illustrates a case similar to figure 6(f)
except that slope a is greater than slone Db. Frem a
line of reasoning similar to that used for fipure 6(f), it
is seen that preignition in this case will become stable at
the point of intersection of the two curves, regardless of
the side oa which it is started,

If slopes a and b are both positive and if slope D
is greater than slope a, an unstable condition exists sorme-
what gimilar to that of figure &(f). The i1llusiration of
figure 6(h) shows this condition. The directior of progress
of the preignition depends on which side of the intersecction
it begins.

In figure 6(i) is sho'm the case in which slones a and
b are both positive, and slope a is preatsr thaa 5lope b,
It 1s readily apparent that the preignition becomes stable
at the point of intersection of the two curves, regardless
of the side on which it is started.

The foregoing analysis shows that the time of occurrernce
of surface ignition will depend upon the Tolloving conditions;

Z

Condition (1). - If thie slope of the curve of fuel-
ignition tempirature against density is opposite in sign to
the slope of the curve of surface temperature against density
at the time of ignition, the time of ignition will reach some
stable peint and will neither advance nor retard from this
point,

Condition (2). = IT the slopes of the curve of fuel—
ignition temperature against density and the curve of surface
tenmper ure against density at the time of ignition are both
negative or both nositive, and if the slope of the curve of
Tuel-ipnition tenperature againct density is the smaller, the
time of ignition will either advance or retard in an unstable
manners  Jhen both curves are negative and the slope of the
curve of fuel-ignition temperature against density is the
smaller, the direction in which this unstable ignition time
moves will depend upon whether the hot-spot temperature is
greater or less than the temmerature 2t the point of equal
hot-spot and fuel-ignition temperature. If the hot-spot
temperature is greater than the temperature at thic point of
equal temperatures, the time of ignition will advance in the
cycla.

-
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Conditien (%), - If the slopes of the cvrve of fuel-
ignition temperature apainst dersity and the curve of surfac
temperatnre agpainst density ot the time of ignition are both
necative or both positive, and if the slope of tie cnrve of
fuel-lipnition temperzture agcinst dencity is the greater, the
time of irnition will reach some stable point and will neither
advence nor retard from this point.

Tenition-temperature curves for several fuvels are shown
in fipure 7, as repvroduced from reference ll, Tigure 8 shows
ignition-temperature curves for iscoctane and benzene taken
from figure 7. The ignition lag wes held constant for the
surve for iscoctane et a velue of 1 second. Ignition-
temperature curves for laps corresponding with thosc encoun-
tered in high-speed engine operation would probebly lie te
the right ¢t hichor pressvres and upward at higher temperatures.
Tt is apperent thet, for eny given hot spot, the stahility of
preignition laerpely depends vpon the position of the ieniticn
with reference to the ignitlon~-lemperature curve. The contin-
uously chenging slope of the ignition-temper:tire curve changes
the relationship between itsell and the hot-spob-temperature
curve @z the *emperainres or Qdensities are changed. For this
reason overation in an unstable part of the ignition-temperature
curve soon advances cr retards the preigaition to & stable
nert of the curve unless the operation is on cither end of the
curve, in which case it may or may not hecomc stable, depenading
on the direction of initiel instability.

iy

Unlike the ignition curve for iscoctene, the ignitlion
curve for bergzene oxtonds upward to the left, s showm in
figure 8. It will be noted that ncer one erd of the curve
the ieniticn lap is 1C scconds and vear tha cother end it is
20 scconds, A curve for constont ignition log would prohably
have a small slope. & curve for very shert ignition logs,
such &3 are encountered in engine operation, wonld probably
lie to the right at higher pressures and upward at higher Lom-
persturcs. Becausc the slope of the ignition curve for benzone
is small, it is probzble that a curve cf hot-gsvot tempereture
with a negrtive slope would have a greater slope *han the
ignition curve, and run-awzy preignition would take place in
most cases.

The forcpoing discussion mey explain why engines have
suddenly failed while operating with henzmene when swrface
ignition hes taken place but have remained intect while oper-
ating undor identicel or hisher temperature conditions with
isooctana. fts the ignition-temperature curve fov binzone is
alsc charcetoristic of that for methane, acctone, propylene,
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These data show that the tenperatures of the cotbustion-
chamber surfaces change very apureciably with powsr and mix-
ture even though the tomporature criterion is maintainesd
constant. ‘his trend is particularly noticeable for thz
areas having some degree of thermal isolation, such as the
spark-plug electrodes.

The most valuable critericn of temperatures control, when
the danger of preigniticn is congiderad, is obviously the
highest temperature in the combustion chamber, This point,
however, may not remain the highast during all conditions of
oparation. For example, the exhaunst valve may have a higher
temperature than the snarie-plug electrodes only during very
lean-mixture operation when the ovar-all burning poriod is
graater, Unfortunately, th> hottest arcas in the cownbastion
b the greatest difficulties in taking temper--
wenta, The same obstacles that make these
to cool alzo wake measurement of temper-

aturs meas
surfaces i
aturs difficadt.

The avnormally high temperatures in the cembuastion
that result fros Jdetorioration mas not be reflocted
to aqu sreat exterd by the tomperature criterion. For
example, the overbeating of anst valves, 15 coused by

e of the : 1“1‘Clbtu to any
appreciable vtw1+ Ly the AT r 3 oreAar grark-plug
boss. In experimontal {sst ”or“ the tempocatiurse of the
exiiust-valve guide may prove to be a valuable supplement to
the temperature of the spoark—slug boss or of the coolant.

eCaeil3Lre

Spari-plug temperatures, - In & 2
spark plag 1s probaoly ths wost vilnerable part of the
CO‘)ubtmOH chamoor as concerans praignition. The problem

spark-plug cooling iz one of maintaining sulficiently

Lgh insulator and elactrodo temUGPAJHFOF to avoid fouliag
low outouts and of praventiag ingulabtors and electrodes
Trom rezaching oreignition b raturas at hiph oubputs, and
the solution Tor higher oulpats lies in obtaining adoquate
tenperarur: contrel or in obtaining cparl plups rosistant
to fouling at lowe aratur2s.

T8t resulis in figure 10 show the vuiation of eloctrodas
Ltemperatur: with _fl ieatad moan effective nrassur:s Ir
temperaturs of KOOY F is asswnazd as tho lowest saic nonfouling
teaneratare, the lovost por-issible lndicated mean affective
vrazsurs 1 90 pounds per sguave inch. Likawisa, 1f 12009 F
is assuwred as the waximen safle eloctrode temporatore, the
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highest allewable indicated moan effecetive prassure will be

26l; pounds per scuere inch.  The lowest allowable temperature
is obvicusly a function of the duration of cperation and the
amount cf oil and fuel belng cousumed and, likewise, the upver
tempereture limit is & function of durability of the spark

plug at the elevated temnerature as well as a function of pre-
tgnition, From the curves of figure 10, 1t is apparent that

a small increase in the allowable minimum indicated mean effec-
tive pressure, which would permit the use of a colder operating
spark plusr, weuld greatly increase the allowsble maximum indi-
cated mean offective pressure.  Likewlse, any improvement in
the plug insnlator that will permit a temperature increase to
approach the surface ignition limit (12000 to 1600° F) will
greatly extend the indicated-mean-eflective-pressure range.

The gractical temperatvre limit of mica plugs 1s approximately
1C00~ ¥, as the mice tands to dehydrate above this temperature.
This dehydration causes it to expand and to become brittle
with consequent leakage (refercnce 1%). Tests were recently
made at Lengley Memorial Aeronavtical Laboratory to ascertain
the effect of small controlled gas leaks through the mica on
the electrode~tip temperature (refercnce 1),  These reosults
showed a considerable temperaiure rise for small amounts of
ras leakage,

Other factors remaining constont, the temperziure of any
area in the combustion chember is an indication of the resist-
ance to heat {low from thnt area in the combustion chamber to
the cocling means. £ high lemperature at the spark-rlug
electrode indicates poor heat flow from the elcectrode to the
cylinder wall, The ccolant temperature would therefore be
cxpected to have little effect on the tempersture of the sperk-
plup elecirode. This effect is irdicated in fignre 11(a),
in which the temparature of the spark-plug electrode tip
changos aprroximately O.Zho F at a coclant temperature of
250° ¥ for 1° F chengs of the coolant temperature.

Highly heated arces, which are subject to hich rates of
heat applicaetion caused by the flow of hot geses bul which are
not thermally isolated, will obwiously respond more te change
in jacket temperatures than will the spark plugs. This con-
dition is probably truc of the cxhavst valves. The small
effect of jucket temperature on spark-plug temperaturc illus-
trates the futility and cost of attempting to cool hot spots
in the combustion chamber hy lowcering ihe temnerature leavel
of the entire cylindor head, From this line of reasoning,
it would appear that, in order to cocl hot spots, ovory effort
shenld first be mede to Improve the therwmal conductivity from
the hot spotl to the cooling medium bnfore increased cooling
for the cntire head is attempted.
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In reference 10 it was shown that 1ittle change in elec-
trodn temperatura was effected by water-cooling tho external
portion of the spark plug, Thils result indicates that little
extension of the onerating range of spark plugs can be expecled
by ~xternal cooling wnless the temperature gridicnt between
the elsctrode tip and the external portions is reduced,

Tamperature reductions in spari-miug eloctrodes of as
mich as LOOC T have besn obtainzd (referance 10) by cutiing
out the ignition frum the spark plug on which the ncisurswents
wore being taken.  Those data suggest a method of reducing
spark-plug temperaturaes that would obviate the fouling diffi-
culties, A4t high outpuls two pairs of spark piluags mighl be
used alternately, one nair Tor one cyele, the other pair for
the following cycls, ote. At idling spoeds, a single plug
could he firad during sach cycle, If such an arrangement
were practical, 1t would extend ths upper pouer 1init by an
appraciable amcunt.

The fusl-air ratio has 3 marked effect upon the tempara=-
ture of cosbustion-chamber surfaces, aspacially spark-plug
elnctradas and other arnas that have any degrea of thermal
isclation, This 2fTect is 8o great, in fact, that the tsm-

arature of spurk-plug clactrodss hus heen used as an indica-
- + 1 () -
tion of the valne of the fuel-air rallo. The cnrves oI
figure L(a) show this =ffect for the 'right €96C cylindsr.
From thase curves it is anmnaromt that the problem of spuri-
plug cocling is groatest near the stoichismetric mizturea,

Fxhaust valve and scat 5. - Fav data are avail-
able concarning tin temperaturs of sodiim-conled oxhaust valves
at high outputs,  Alilhough no data wore talken of exiaust-
volve temporatares during thess tests, informabion was obtainsd
on the toemperaturs of ths axhaust-valv: guide and of the metal
betwern the valvas aljacznt to tho valve szat, As the heat
flow from the valws iz condncted through these aroas, the tom-
peraturas of thess arcas furnish a fairly good index of the
exhaust-valve tamperaturs. '

The tompaerasiwres of sodium-cooled hollow-hrad exhaust
valves have becn rresonted in refersnes 19, Thess measure-
ments show that, in neormal operation, the tomporatare of the
conter of a large convontionsl valve of the type used in an
air-cooled engine may roach a valus ol 1300° F with a tempera-
tare of 1100° ¥ at the scat and that the v&lve stem at a loca-
tion noear the yuide, when closed, may réach a temperaturs of
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slisktly less than 9007 F.  As exhaust valves are scrubbad
with the hot g on ull sides, the rate of neat application
is wvery high, a+qd the tomperature attained may not boe an
irdication of the decgree of thermal isclation of the valve

from the cylirdsr hoad.

In rofercnce 16, changing from A hollow-=hood valve with-
out godiwt to one with sodium raised thn valve-guide temperature
approximatoly 110° F. As the flow of heat from the exhaust
valvs to the cylinder head is by conduction, a changs in
valve~guide towperature or valvo-scat tomperatire will effect
a somewhat smallor charga in the valve temporaturcs under
constant vower conditions. , Furthermors, figure 11(v) shows
that an approciably largs change in covl.at teoperaturs is
requirsd to cauase 2 glven change In the temeratare of the
head adiascent to the valvae seat, The change in the lempar-
ature of the centor of the head amcunts to upproximately
0.619 par 1° change in coclant lemperatwrs at 2F 0% 7 coolant
temmeratars.

rate of rise of temneratare of exhaust valves with
in powor should he detormined Tha elope n of
rature curve of ths exhausti-valve gulde as shom in
indicates that tie exhaust-valvo—guld: temperature
risas much faster than the temporature of thn hod bﬂtrwwn
the valvaes, The crhangt vilve probably bohaves simils

V.ry 1ittle information isg L1l to show how clogaly
prosent crhanct valves are oporat ,th rrapoet to praig-
pition Limits. Bvhauct-valve 1'ﬂp‘r” baras ara at presont
proHaDWv tjn close to the paudimim allowabls 1imit to parmiu

any dner. Lr i tcmpm,\iure level. This
] the laanor mixtarns, as 1is
apid rice in cxhaust temporatures EOJn in
; . in the temprrature of the guide show
figur: 12(b). A mers dircct mothod of cooling the ;xhaust

valve vould pormit an iveroass in thr cylinder-hoad tempor—

c:nz!+1"n

that 2 Limitation
oxidation of valve

] ; crea LT the st
to exhanst-valve berporaburac
sl oand ghellites in tho 1.
Anras above 1350 F, Nelow this tomparature, lead atiack
11l nat occur, A omixtars wf load oxide and iron ozlde wWas
fowd Lo Tors an inculabinge larsr thab terds Lo Jostor nraig-
nition. Thess difficultins ‘m,,(w nily limit the practical
teaoeratar . of the oxbaust velv: te arowmusl 137 n° F for satis
factbors onsration whon availzblo matorials ars used,
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Little is apnarently known concerning the effect of gas
leokasa beatween the exhaust-valve stea and the suids. Although
lenkape at the seatl may cause erosion and warping, qoaantitative
data are lackirg. Worn valve guides sare Lnﬁuu to cause higher

valve tomporaturas. Any appraciania flow of hot exaaust gasss
throush the gaide, as might result when a Jarge ¢ir fﬂrﬁﬂup in
prossure egists vetween the evhinust port and the ro -arm

housing, will rrobacly resili in a very anpract lLl’* s
exhanst-valve temperature,  Such a conditien would be oblained
with the use of an ~xhaust twt

Jine.

Bffect of sharp edyos m Jdeposite on praignition. -
Sharp edmes, such 38 sacd o quﬁ tuzﬁxfg, ara C(ﬂmﬂlﬂr
belisval to cansge suriase 1‘aLloq uier certain conditions.

This stalemrnt ao liss to sharp =dpnos of mateorials having
molting noints above that of the ignition teaperatare of the
fuel. In this respoct little Aifficulty has baen experienced
at I7IAL with oxposed threads of aluminunm alloy, owing to the
fact that these threads soon melt away when overhaating oCcCurs.
The bHest reomedy for exposed thvm%”* is ohviously their elimi-
nation. This statement ammlies particularly to stecl throads.

Information comcerning the effect of carhon dencsits on
preiznilicn is weager. Tests at LMAL have showm that
grapinite toends teo burn avay at a temperature of 900° F.

Carbon deposits will most Likely burn away at about this
tamperature, If so, for operation at a constant load,
cirbon depogits are not likely to ba a direct soarce or ignd-
tion for any length of time. Reference 18 hno showm that
carbon deposits vary in thicknoss ln"praal as the seveorlity
of operatins couditions. The thickness of the deposits
inerenses until the decrease in thermal conductance through
the carbon layor is sul{ielont to bLring the outer surface
to the ignition temperature of tiae carbdon. As the thickness
of carbon derosits incraases with decrease in temperatwre,
extended nericds of operation ot vedaced londs and low
cytinder uempewuturas tond to build up relatively heavy
denosite. A sudlen increase in power nay thon cause a
monenlary period of preigrnition during the time required to
harn away Loe cardon.

Tf carbon denosits are a sonrce of troabls as causad
iy prel ution, the S)Tluko1 is avﬁﬁﬂvtly not one of betler

conling. Tuereased coniing only tenis to incraase the
th cknass of the carbon layer and thas effectively ralses
tha cororession ratio. The solution, however, nay be one of

chanpging the ciwracter of the carbon devosits s thal igniticn




oT tie carbon witl taxe nlace at a lower taemperatura, A
Letter solution, however, woul to rovide a fauel of such
charzcinristics thut surfac: i; o can be tolerutad without
fear ol ds enging.
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this tim: wag lass than 3 minutes. This noried of time was
criater in eviry case than would he exparicnecd during the
1 take-off period of most airplunzs. Tn this rosgpoct

nor::
these data do not show the temperature *trends that would occur
ovVaT a p??de of hours. T.sts conducted elsswhore in which

knocking conditions were maintained for hours have shown viry

gredual tomperature-rise offccts, There is avidine. to show,
gs will be r-frred to latcer in the report, that this gradual
temporoture risc may be causcd by thoe cficct of knocking com=
bustion npon the lubricating-oil [ilm which norrmally scals

the piston rirss. In this casr ths pradual doterioration of
pistoa-ring sealing would caus< a graduai increase in piston-
ring Dloew-by and conszquantly Pvl ndor termplorainres.

The \ng»nc porformancs is shown in figure 13. The dif-

ore wor output end volumotric officirn: cy ohtaincd
with the throe frels are difficvlt to cxplain from the charace-
teristics of the fucrls alone. This variation in power is not
of partisuler 1ntgrust, hewever, inegsmuch as these teets wore
rmad: to dolcrmine the engine p orformance and the cnging tem—
neratures as affoct-d by difforont drgrecs ﬁf ¥nock., Tho
*H“Vi" cf firmre 1% ars particularly significant in several
L TasDe Tha fact that the powsy Jdid not fall off an aprro-
clial 1 aAOLu+ osven though violent audible knock was cncounterad,
.5 contrary to vublisned informetion (r:frronc.s 8 and 19).
This rosult possibly indicates st marked reductions in power,
which nay be accompanicd by }nock, may have bcoen caused, in
som. Cases, by proignition rethrr than fral knock. In
fisur: 13 the smell drop in powrr is fully accountcd for by
th charge in the rate of risz of the volumetric ofTicizncy
that accompanies vielent knock. Thethor the lowersd volu-
metric officicney can bo cxnlain"d by tho risc in combustion-—
chambar temporatur. is uncertain.

Lde

Tn YaeCoull's *ests (roferonece §) the powsr was shown to

decr&ash whhn knock was olbiscrvad,. The kuocking condition
wes reachod by reising tho compression rotic. In tiads caso,

any deercase rosultine from knock in ths woight of air inductud
will causs a more pronouncsd loss of pewer whon plotted against
comprassior ratio than apainst induction prossur:. The curve
of C”WDT;S%]O' retic plottad ageinst pow.r is renerally ratier
flat et lhe shor retios ond Little reduction in powsr is
roguilrad to srmse the curve io peak and fall off

Fipurs 1h shows the eylinder temporatures corresponding
to the porformancs of figure 17, Of particular intercsi is
the small risc in tomperatores above the Lormai torporaturs
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curve np to thz point at which the indicated mean effective
oressure has bosn increasced aboub 12 percont above the first
indication of aadibhle knock. In goneral, the o mporﬂfurss
rosc rather raoudly vhon the indicated mean of fective pros-—
sure wag incroascd from a valus of 12 percent to a value of
20 pereont anove the avdible pivking leval. This goneral
behavior of tomporaturcs has also veen observed ou tl»
lignid-conlel Lyconiog 0-1230 cylindar. In no casc did the
tamp@ratures of the combustion chamtor of the chomlng
cylinder risgse above the nrrmal tompersilure curve when changing
from the nonkrockidng to the oudiblio lmecking rogion.

Ths curvzs of Tiguwe 14 show, in ganeral, a small drop
in t<qpavaxurw at or just praeidiag awdiblae knock.  This
drop in terporaturs hss also boon obsorved on the Lycoming
cylindar. JnLeSS tommeratures ara tilon at small incroaents
ef inlet vnraogssure, its pros-nco may b ovarlookad. The
temperatuce curves are fairly smooth up to tho kmock ragion
and from there on 2re varlabi Those curves also domonsirabe
that the tomperatore risc zbovs the normal curve is not a
good indication of fuel knock unlaess scvorz knocking 1is baing
exporisnesd,  This fact is narticnlariy true for tuno loadzd
fwel,

Figur~ 1l shows that the temprratnrs of the Sﬂarb-hlug
clectrods increascs aboubt 19 parcent from andible pinking
to violent keocling, as comparod with § percent fur thc
exhaust end-pas zope.  This evidence vorilies 4o some oxtont
the statamont, as his besn nointed ont in raforoncze 00 and
claewhora, Lhat the maximam tewmporatacss in imocking comhbus—
tion are found not in that part of the mixturs to knock buv
in the first part of the mixturs to be inflamed.

Rassweillor and Withrow (roferconcs 20) show that the
rihamm temperaturs rise of the gases in tho firing md of
Lrar combuabing “w%m‘ :r is only aboub § percant groater
during knockirg conoustlon tean during normal conbustion
and i about the sams during koocking corbustion as dwing
noroal conbiotion i to thz ond at th DOWSY

L from 5".’?0 AT
stroke. At the ¢ ntzr of th:
temocratare risc of the gases e ouly
greater dardng knoclidng CuﬂblutL“Q than during rorsal come
bustion and, from 20° to 1207 A.T.G., the flam. Doralur ig
ars sonawhat lowor during wocking combuastiorn than during
norral combusiion, In the end zone, 1t dg shovn Lhnt, Tronm
30° to 120° A.T.C., tho flsme o araturﬁs ar: aloo somewhat
Lowrr durding imocking comtmztion thin during normad come
bustion. hother the lowored fluame tumgnraturfs follovwing
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g combustion are caused by excensive heat 1nss during

; iod of marimm temncraturcs cr Ly cthor reacons is not
Wer, Midiley and BeCarty (referense 7; and othors have

wvm that radiant heat iner-ascs when the combustion charges
rom the normal Lo the knocking phase. As concerns Lle
]134ﬂz—“uo]'w~ X the information of reference 7 o

and following knocking combustinon
effect on ¢y limcler temporaturcs obssrved

B
in the precant bﬂst?.

It is generally acceptad tlial the shock waves during
rockiag combustion way cause very high rates of heal transfer
froa tae paces to the combustion-chamber walls during the short
period of knock. These high rales of heat applicution nay
be sufficient under certain overating conditions to momantieily
softon the sarface of alwinum alloys.  Although the thermal
conduchion and coeling aflorded these surfaces throughout the
rest of eich cyele is arparsntly sulficient Lo cause sarly
solidificatinn of the surface metal, 1t is possible that ihe
hivh inertia Fforces acting on the plsten surfacas during knock
my tear avay sacll particles of the softenad surface and thus
cause tha eroded apsearance often presarnt after prolonged
neriods of knoclkding comtustion. Crlainder—=mmll tomperatareas
measurad near the cormbustisn-chamber siarface indicste only th
averag? tameerature of the cnzine crcle and thus provide 1Ltt10
irdication of thn 1nst3ntxheous surface temporalures Juring
Imneking combustion.

Spark-plug overheating during knocking or2ration has beon
attriratedl Lo hich rates of neat flow cansed by shock waves.
The prosent resialts show an ivaprecialle rise in spark-plug
rature with knocking operation, regardless of wheiher the
shark nlupg is locabed in the end zome or wot. AL TWAT, expe-
rience has shown that passages which connect racesses with Llhe
comtmstion chambor soms:tines ovarhoat. This overheating is
abiritated to the fLow of miges theough the passages ags cavsed
by pressurs changes throushout the cycle rathor than by the
oscillations res sulting Yrom knock.

In refercnce 21, the stateqent is made Lhat experience
has shown the effect ol Luel knock on the heat losses to bLe
suatl. Additional datn are presented in fisure 19 showing
the effect of knock on the heat flow to lhe jacket.  These
Anta show no marked braok in the curve whep knock 18 encoun—
fLorad,

Some evidence exists to indicale that el knogk viay
affoct cylinder temperatures through the sticking of niston
rinzs, which resalts in excessive blow-hy. Lxneriencs at
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MAT, has shown trab plston rings have a much greater tendency
o stick, even a%t lcw outputs, during knock tegting than
during rnorral operation, The oil conjumption of engines is
kno'm to increagse during kmocking operation, One explanation
for tals inc-eased consumpbion is that more of the oil on the
upper cylinder walls and ring belb 1s burred away and leaves
residues which accelerate ring sticking,

ct

™he fata indicate tiat moderate audible knoclking probably
has little irmmediate effect in creating iot spots or in causing
suwface ignition, In gencral “liese tests show that, if a
rapid rise in cylindor tomporaturss precedes cylinder Tailure,
preignition ratler than knotk may he tho cavse of failure, In
rany cases, the simvltansous occucrencs of surface imition
and fuel krnock has vndouptedly confused the analyses of engine

allures.

nd 14 bave been included to
ignition the effects of
turas,., More extsnalve

Tie test data of figurecs 13
illustrate indeys ; Dot
violent mocking on cylinder temps
teats under more severc krooking
more clearly the effocta of violsiwe knocsing on tlie rise in
cylinder touperaturves and wonld algo indicate ths ebrength
limitations caused by the pressurcz involved, The impor-

oo

both the cylinder temperatures and the crlinder stresses
arices from the use of very rich Tuel miztures to obviate

fuel Xrock ard overiieating at high outpnts, If rich mixtures
are emplored to the fullesgt exten’, a momsntary reduction in
the fuel supplied causes violent knocking and posgible failurs,
Whathoer failure from knock will occur as a result of mechanical
limitations, of high temperatures and preignition, or of boti,
deperds upon the conditlong of operation, A great deal of
experience has oppurently teen galued In this fiseld but few
test duta are available, Owing to the number of conrlicting
variables, little reliadle irformation can te obtained without
svatenatlc tegt work,

Effcct of Cylinder Tomperatures on Fuel Enock

Congiderable éata are available showing the eflect of
coolant temperature on fuel knock, Scme of these data are
swmarized in reference 4, in whichk tle conclugion is drawn
tha* “he coolant temperaturc hag about the same eifoct on
Tuel krock as has the inlet-zir temperaturo,
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Cylinder texperatures affect knock mainly by varying the
end-gang temperatuvre, Thls temperature will vaery with any
factor that affects the heat excliange between the cylinder
and the charge, The degree of turbulence, the surlace-voliume
ratio of the combustion chamber, and the location and ghape
of tne end zone are gome of the important factors involved,
Additional data on this subject are shown in figure 16, This
infermatlion indicates a relatively amall effect of combustilion-
chanver surface bemperature on fuel knock, contrary to the
conclngion drawn in reference 4.

The actual temperaturcs of the surfaces in the end zone
probatly have a much greator effect on knock ithan the average
surface tempsrature of ths combustion chamber, The heat
ebstracted from the cylinder wolls durirg trke intake and com-
Presalon strokes is probabliy small because, in the usual case,
the charge temnerature during intake and compreasslon 1lsg little
below that of the average for the cylinder guriaces, During
combustion and during tihe resuvlting compression ¢f the end
gas, heal is lost to the combusticon-charber surfaces, As the
ganeg In the end zons are ut a comparatively high tomperature
Just before combustion 1s completed, 1t is apparent that, if

he ond-zone wall surfaces are cool, the heat flow to the
walls will be rapild and an effect on knock will result, If

a very hot eurface, such as an exhaust valve, lles in the end
zone, however, little end-gas cooling will rosult and th
tendency for fuel knock will be increased,

These facts are well known, and designers have endeavcred
by varlous means to locate the end-gas zone in the coolest
areag of the combustion chamber by suitadly piacing the spark
plugs to dlrcel the Tflame front, When two spark plugs are
used, the location of the end zZonc can be coatrclisu, 1o gscme
extent, by advencing the ignition of one sparx plvg with
recpect Lo the other, The inzation of tho znd-gas uwome 18
algo aifested by the gag movenment in the cylindzr, One spcheme
for cooling the ené gases trat hus been frequently employed in
artomobile enginsg 14 to innreanc the avrface- volun~ ratlo of
the end-gas zome, Thig metkod incurs a greateor hcat loas to
the ccoiant than olherwiee and, for that reason, 1s not of
Intercst to alrcraft-ensgine designers.

In the teats reported in reference 15, the temparature
of an exhaust valve in which sediun wags used for conling was
reduced from aprroxinateiy 1300° to 200° ¥ by removing the
sodium and cirsulating water througn the valve, This tempera~
ture reduction permitted an increase in indicated meen effsctive
pressure in tho lean-mixtuce range of approximately 10 percent
for the same intensity of knock, The increase at rich mizxturcs
wag much smaller,
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COLICLTUSTIONS

The analvsis of the data of this report and the accuiu-
la*ted data of otler sources may allow the following general
conclugions:

1. The relationship Lotueen the curve of lgnition tem-
perature of a fuel-air mixture plotted against density and
the curve of hot-gspot temperature plotted agzainst density a2t
the “ime of ignition may indicate whether dangerous preiz-
nition craracteristics may be expected, If the fuel used
provides for ghable preignition characteristics, it may be
possitle safel] to raisc the general temperature level of the
cylinder head, or to incresase the power, even though svrface
ignition ig present. If the fuel provides for unstable
preigniticn characteristics, the remedy may lie in changing
the fuel rather “han in eliminating the sources of guriace
lgnition,

2. Tuel knock is accompanied by a slight drop in cyl-
inder tomporatures at or Just preceding audible knock., For
giiors intervala of time ro anpreclable rise in combustion-
chamber temperatures above the normal riso caused by increasing
the inlet pressure and the pover is cauged by fuel knock until
the »ower is irncreased about 12 percent above that obtained
at the first indication of anditle knock, For short durations
it 1ig therefore unlikely that moderate auditvle knocking, in
iteelf, has much effect in creating lot spots or in causing
surface ignition, If a rapld ripe in cylinder temperatuires
proecedes cylinder failure, proignition rather than knock may
be tle cauze of failure,

3, Ture drop in power output or the increase in specific
fuecl consumption ag cavsod by knock alone is inapprecialble up
to violent audible knock,

4, A more direct means of cooling the overheated regions
of the cylindor would permit raising the temperatures of the
adjacent areas, which may now be overcooled,

Adrcraft Englne Research Laboratory,
Vaticnal Advisory Committee for Aeronautics,
Clevelard, Onlo,
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